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Attention has recently focussed on MgB2 superconductors (Tc~39K) which can be formed into 
wires with high material density and viable critical current densities (Jc)1. However, broader utilisation 
of this diboride and many others is likely to occur when facile synthesis for bulk applications is 
developed. To date, common synthesis methods include high temperature sintering of mixed elemental 
powders2, combustion synthesis3, mechano-chemical mixing with high temperature sintering4 and high 
pressure (~GPa region) with high temperature. In this work, we report on a lower temperature, moderate 
(<4MPa) pressure method to synthesise metal diborides.  
 
For MgB2 synthesis, stoichiometric ratios of Mg powder and NaBH4 are pre-mixed in an 
oxygen-free environment, transferred to an instrumented 50mL Parr reactor and heated at various 
temperatures up to 500oC for periods up to 10 hours. Production of gases during this reaction process 
– predominantly between 200oC and 400oC – generates pressures less than 3MPa for short periods of 
time. Over the reaction period, this autogenous pressure reduces while the reactor temperature is 
maintained (e.g. ~500oC) suggesting formation of product (e.g. MgB2) by gas-solid interaction. 
Monitoring at lower temperatures (<200oC) also indicates a lower rate of production of autogenous 
pressure. Reactor design may influence pressure conditions as evidenced by zonal formation of 
different phases within the reactor (e.g. MgB2, Mg, MgH2 and NaH). 
 
For optimum reaction conditions, yields >70% for MgB2 are routinely obtained. Variation of 
heating rates to similar peak temperature and pressure results in production of MgB2 with different 
morphologies, powder densities and particle sizes. Coherent, euhedral inter-connected MgB2 particles 
up to 40µm – 60µm in size can be grown by this method. Production of MgB2 under these conditions 
is likely to be via the following reactions, each of which generates significant amounts of H2: 
2NaBH4  +  Mg   −−˃  MgB2 + 2Na + 4H2(g)  (1) and 
2NaBH4  +  Mg  −−˃  MgB2 + 2NaH + 3H2(g)  (2) 
However, a range of intermediate reactions are evident under these conditions due to the 
formation of other phases when the reaction is held at lower temperatures (e.g. 300oC − 420oC). 
Comparison of heating regimes across the full temperature profile shows that significant enhancement 
in flux pinning and Jc, (evidenced by hysteresis curves of magnetic moment vs. external field) can be 
achieved. 
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